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Volcanic eruptions are one of severe natural phenomena whose destructive power
make and its in-situ measurements difficult to carry out. Pyroclastic flows and
eruption columns cause significant disaster to the human life.
A ground weather radar are useful for measuring the inner structure of the eruption
columns and ash cloud formed by volcanic eruptions.
It is necessary for the remote sensing of volcanic eruptions to obtain basic
information on pyroclastic materials such as terminal velocity ( ୘ in m s-1), axis ratio
( ), and canting angle and so on.
Pyroclastic materials are required for the quantitative ashfall estimations (QAEs) and
its forecasting with inner structure of an eruption columns and an ash clouds.
Introduction :
Purpose :
To obtain the basic properties of pyroclastic materials, Free-fall laboratory
experiments of pyroclastic particle was performed using the 2DVD instrument.
Data A
Data B
Sakurajima volcano in Kagoshima
Showa 
crater
Data :
Pyroclastic materials are collected from 
the Sakurajima volcano. 
The Free-fall experiment(17m height) 
was performed using collected volcanic 
particles at the large artificial rainfall 
facility of NIED
Fig.1. The location of data collection in  the Sakurajima 
volcano.
Quality Control(QC) procedures :
Table 2. The specifications of 2DVD disdrometer
೘Axis ratio(Ȗ(D)) : 
Ȗ (D) = 1-1.48exp[-3.25D] (0.2  D (mm) < 4)
Ȗ(D) > (11.5D+0.025)2 – 0.15
is considered as outliers
Summary :
Two-dimensional video disdrometer(2DVD) :
Fig. 7. Same as Fig. 6 but for axis ratio. Red and blue broken lines are the axis ratio for raindrops(Beard and 
Chuang, 1987; Andsager et al., 1999). Red solid line is the axis ratio for the present data.
The present study focus to analyze the basic feature(VT(D) and Ȗ(D) ) of volcanic ash 
particles based on the free-fall experiment(17m from the ground) using the ground-
based instrument(2DVD). The volcanic particles show significant different 
distribution of VT (D) and Ȗ(D) compared to those of raindrops especially smaller(D<1 
mm) and larger(D>3 mm) diameter range. The equation of terminal velocity and axis 
ratio is developed. These would help to develop QAEs method and ground weather 
radar is able to detect volcanic particle more precisely.
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೘Terminal velocity(VT(D)) :
Results : ೘Sphericity(ĭS) and drag force(Cd) :
Fig. 5. Scatter plots of (a) sphericity(ĭs) and (b) drag force(Cd) according to D, respectively.
Data list Collection location(Lat. and Lon.)
Distance
from the vent (km)
A 31°33ƍ48Ǝ N 13040ƍ35Ǝ E 2.1
B 31°33ƍ33Ǝ N 130°40ƍ20Ǝ E 2.4
Specifications Details
Resolution(horizontal) Better than 0.19 mm
Resolution(Vertical) Better than 0.19 mm for fall velocities less than 
10 m s-1
Vertical velocity accuracy Better than 4% for velocities less than 10 m s-1
Sampling area Approximately 100Ő100 mm2
Rain rate compared to
tipping bucket
Differences typically less than 10 %
Pyroclastic particles :
Fig.4 .The Photographs of pyroclastic particles for each ĭ unit (ĭ=-log2D, D in mm). used to the present study.
ĭ=3 ĭ=2 ĭ=1
ĭ=0 ĭ=-1 ĭ=-2
Table 3. The list of  number of data
Type Data Num.
Entire 334499
Outlier 67683
Remainder 253286
Correspondence to : Sung-Ho Suh, Department of Atmospheric Sciences, Pukyong National 
University, Namgu, Busan, Republic of Korea, E-mail : suhsh1215@pukyong.ac.kr
Cd(D) = 8.266D-0.924
Fig. 2. The photograph of 3rd generations 2DVD instrument.
VFit(D)= 15.55-17exp[-0.45D]is considered as a fitting line
VT(D) = 6.25D0.50
(0.2  D (mm) < 4,   5Ő102 Re  104)
Table 1. The detailed data collection position and 
distances from the crater
Fig. 6. The scatterplot of fall velocity of volcanic particles for each  ĭ unit. Brown broken and blue lines are the 
terminal velocity for raindrops(Atlas et al., 1973) and volcanic particle(Bonadonna et al., 2011). Blue broken and 
solid lines are the fitting and terminal velocity line for the present data, respectively.
Fig.3 .The scatter plot for the fall velocity(V(D)) and the axis ratio(Ȗ(D)) with the equivalent volcanic particle 
diameter(D) after QC procedures, respectively.
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